Abstract
the Ca -ATPase removes from 60 to 80% of all Ca transcription 21 from the cytoplasm during end-systole and diastole. CaATPase activity is regulated by phospholamban (PLB) [9] . 2.2.1. Isolation of myocardial nuclei In the nonphosphorylated form, PLB acts as an inhibitor of Total cardiac nuclei were isolated as previously de-SERCA; when phosphorylated, PLB inhibition is relieved scribed [22, 23] . Prenatally, whole hearts were obtained 21 permitting SR Ca -ATPase activity to increase. In addifrom fetuses (17-20 ED) of three to seven pregnant rats tion to phosphorylation, the levels of expression of PLB in (25 to 35 pooled animals), and post-natally, ventricles were relation to SERCA appear to affect the speed of myocarobtained from five to 20 rat pups (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . All steps in dial relaxation [10] .
the procedure were performed at 48C. After rinsing in Several studies have shown that SR function (calcium saline, 0.75-1.0 g of tissue was homogenized in buffer NA 21 uptake and the calcium ATPase activity) during cardiac (300 mM sucrose, 10 mM Tris pH 8.0, 2.5 mM Mgdevelopment is less pronounced in fetal than in adult rats acetate, 0.5 mM dithiothreitol (DTT), 0.25% Triton X-100, [4, [11] [12] [13] . This increase in function has been associated 0.1 mM phenylmethylsulfonylfluoride (PMSF), 15 units / with an increased abundance of SERCA2 transcripts in ml recombinant RNasin (Promega Biotech) with 5-10 more mature rat hearts [13] [14] [15] . We previously reported strokes of a Teflon homogenizer. The homogenate was that SERCA2 transcripts are already abundant in the filtered through a nylon membrane, and buffer NB (2.4 M 21 cardiogenic plate at nine embryonic days of rat developsucrose, 10 mM Tris pH 8.0, 2.5 mM Mg -acetate, 0.5 ment, and that the transcripts increase in abundance during mM DTT 0.1% Triton X-100, 0.1 mM PMSF, 15 units / ml late fetal development [15] . Several other groups have rRNasin) added. This solution was layered onto a cushion shown that the mRNA abundance increases significantly at of buffer NB and centrifuged at 25 000 rpm for 1 h at 48C birth, and protein abundance and activity are much higher in a SW28 Beckman rotor. The pellet was resuspended in in adult compared to fetal cardiac muscle [12, 13, 16, 17] .
NA without triton X-100, centrifuged at 2000 g for 20 21 Komuro et al. indicated that the enhanced SR Camin, the supernatant discarded and the washed pellet 21 ATPase protein abundance and increased SR Ca uptake resuspended in 1.5 ml of NA buffer (without Triton Xroughly paralleled, suggesting that the SERCA2 gene 100). The number of nuclei were determined, followed by expression was regulated through pre-translational mechacentrifugation at 5000 rpm for 5 min, and the pellet was nisms. Since rat SERCA2 promoters can be activated by resuspended to give a final concentration of not greater 7 thyroid hormone in vitro [18] [19] [20] and since circulating than 0.5-1.0310 nuclei per 200 ml Keller storage buffer. thyroid hormone levels increase just before birth, it has
The nuclei were frozen in liquid nitrogen and stored at been generally assumed that the increase in SERCA 2808C. transcripts was due to transcriptional activation before birth. The recent description of significant developmental 2.2.2. In vitro transcription changes in DNA, RNA and protein abundance throughout Nuclear transcription assays and hybridizations were the perinatal period have however complicated the interperformed as previously described [22, 23] . Briefly, iso- 6 7 pretation of these published observations [21] . To test the lated nuclei (5310 to 1310 ) were resuspended in the hypothesis that SERCA2 gene transcription during the reaction mix (40 mM Tris-HCl pH 8.3, 150 mM NH Cl, 4 perinatal period would be activated prior to any increase in 7.5 mM MgCl , 0.625 mM ATP, 0.313 mM each of GTP 2 32 SERCA2 mRNA and protein levels, the present study and CTP, and 0.5 mCi [ P]UTP (800 Ci / mmol, Du Pont), utilizing nuclear run-on assays was performed and the data 1200 units / ml rRNasin), and incubated at 278C for 20 min. have been examined taking into account changes in DNA, Radionucleotide incorporation was determined by DE-81 RNA and protein abundance.
filter washes. After a 20-min incubation period, the reaction was stopped by addition of 75 units RQ1 DNase (Promega) and 40 units of rRNasin and incubated at 278C 2. Methods for 15 min. The reaction was then centrifuged for 2 min at 5000 rpm in an Eppendorf microcentrifuge, and the 2.1. Animals neonascent transcripts isolated as previously described [23] . Wistar rats including 17-20-embryonic day (ED) fet-A BioDot SF (BioRad Laboratories) apparatus was used uses, 1, 5, 15, 20 neonatal day (ND) and 2-month-old to prepare the slot blots containing the denatured plasmid adults unless otherwise indicated were used in this study.
pSERCA6 [24] , fibronectin, alpha and beta myosin heavy Hearts were collected from each age group and were chain [22] and as control the plasmid pBluescript (Stratagene). In some control experiments, single-stranded autoradiographed as previously described [30] . AutoradiopRH39 derived from M13 subclones was used as positive grams were quantified using digital imaging densitometry and negative controls. Five micrograms of each plasmid and data are expressed as a ratio to 18S RNA. Total RNA were made up to a final volume of 50 ml with water and 3 content is expressed as a ratio between the total RNA ml of 5 M NaOH added. This was incubated at 958C for 10 isolated (mg) and the initial quantity of tissue (mg) used min and allowed to cool for 5 min. In the case of for the RNA extraction. single-stranded M13 derived clones, only heat was used to
The relative abundance of alpha and beta MHC gene get rid of any secondary structure. Fifty microliters of 4 M transcripts were performed using an RT-PCR based ammonium acetate was added, vortexed and 50 ml were technique utilizing the forward (59-GCA GAC CAT CAA added to each slot of hybond N1 nylon membranes GGA CCT-39) and reverse (59-GTT GGC CTG TTC CTC (Amersham). Upon addition, the slot was rinsed two times CGC C-39) primers for amplification and the restriction with 50 ml of 1 M ammonium acetate and then rinsed with enzyme Tru 9I to distinguish between the two isomRNAs. 2X SSC. The membrane was dried and UV fixed with a Experiments were exactly as described [31] . Stratalinker (Stratagene). Probe annealing to the nylon membranes containing specific sequences for SERCA was 2.4. Measurements of SERCA2 splice variants 5 performed by addition of 5310 cpm / ml labeled transcripts to 5-10 ml of a pre-hybridization solution conNorthern blots were run as described above with 20 mg taining 50% deionized formamide, 0.1% SDS, 5X SSC, 10 of total RNA isolated from a separate group of Wistar rats. mM EDTA, 10 mM Tris-HCl, pH 7.5, 2.5X Denhardt's RNA was transferred to Magna Transfer uncharged nylon solution, 40 mg / ml herring sperm DNA (Promega), 40 membrane (Micron Separations, MA., USA) overnight at ng / ml poly A (Pharmacia) and 20 ng / ml poly G (Pharroom temperature in 2X SSC. An EcoRI fragment of macia) at 558C for .40 h. Membrane washes were for 3 h pSERCA6 was isolated and labelled as described above as previously described [22] with the exception that the (probe A). A 113-bp probe specific for one 39 untranslated RNase wash was supplemented with 1.5 ml RNase T1 (100 region splice variant [24] of SERCA2 was generated by units / ml, Boehringer) in addition to the 10 ml of RNase A PCR (Robocycler 40, Stratagene) using pSERCA6 as per 200-ml wash solution. Hybridization efficiencies were template, two primers [Serca 55 (59-GCT TCT CAC AGT as previously described [23, 25] .
GCA Total cellular RNA was prepared from heart tissues mg / ml nuclease-free serum albumin). The resulting PCR according to Chomczynski and Sacchi [26] . The amount of mixture was loaded onto a 1% agarose gel and the SERCA2 mRNA was determined by Northern and Dotfragment was purified using Genelute Spin columns blot analysis as described [27, 28] . RNA was transferred to (Supelco, Sigma) and resuspended in TE, pH 8.0. Partial nylon membranes (Hybond N1, Amersham), cross-linked, clonal analysis of the fragment was performed by restricand hybridized with cDNA probes for rat SERCA2 [29] tion enzyme digestion to ensure fragment authenticity. The 32 labeled with (a-P) dATP by random priming (Megapverified 113-bp fragment was double labelled (probe B). rime Kit, Amersham) according to the manufacturer's For this 25 ng of the 113-bp fragment, 2 ml of primer instructions. Hybridization was carried out at 428C for Serca 56 at 100 pmoles / ml, 1 ml of Klenow (2 U / ml), 5 ml 32 32 .18 h in 50% deionized formamide, 1% SDS, 5X of ( P) dGTP and 5 ml ( P) dCTP were incubated at Denhardt's solution, and 100mg / ml herring sperm DNA.
378C for 10 min as described above. Membranes were washed for successive 20-min periods Membranes were prehybridized for 60-90 min at 688C under progressively more stringent conditions, terminating in ExpressHyb solution (Clontech, California, USA). at 0.1X SSPE / 0.1% SDS at 658C for SERCA2. MemProbes were added for 1 h at 688C at 1.5 million cpm / ml. branes were exposed to Kodak XAR film at 2708C and The membranes were washed sequentially in 2XSSC / developed after varying times from 1-4 days to ensure that 0.05% SDS for 10 min (43) at room temperature, in 0.5% signals were within the linear range for densitometric SSC / 0.1% SDS for 20 min at 458C, in 0.5% SSC / 0.1% analysis. To normalize for possible differences in amount SDS for 15 min (32) and at both 508C and 608C. of RNA loading, membranes were subsequently dehybridMembranes hybridized with Probe A were washed as ized (0.1% SDS for 2330 min, heated to 1008C) and described above. The membrane was stripped between hybridized (under the above conditions however omitting hybridizations with 5 mM Tris-HCl, pH 8.0, 0.2 mM 32 formamide) with (g P)-end labeled oligonucleotide com-EDTA, 0.05% sodium pyrophosphate, 0.1% Denhardts plementary to 18S ribosomal RNA (59 ACG GTA TCT solution at 658C for 60 min (32) and subsequently washed GGA TCG TCT TCG AAC C 39), washed (two times for in 1x SSPE and exposed to film overnight to ensure no 15 min at 3X SSPE / 0.1% SDS at room temperature), and residual radioactivity remained on the blot. Signals were determined by exposure to either film overnight (Xmeasured protein quantity (mg) and the starting quantity of OMAT, Kodak) at 2808C or in an image cassette and tissue (mg). quantified using the ImageQUanT system (Molecular blotting and quantification by ELISA pyrophosphate and 50 mM sodium fluoride using a polytron homogenizer (PTA 20TS, Kinematika, Switzerland) Western blotting was performed on protein extracts from for 3-5 s bursts at setting 5. Protein concentration in the total left ventricles in adult rats. Proteins were separated homogenates was determined as described above. Mea-21 using SDS-polyacrylamide gel electrophoresis (SDSsurement of Ca -uptake was performed as described [33] . PAGE) -7.5% for SERCA2a and 15% for PLB -and After 5 min of incubation, 0.5-ml aliquots were filtered transferred by electroblotting onto nitrocellulose memthrough millipore filters (HAWP 0.45 mm, Bedford, Masbranes or PVDF membranes (Hybond C, Amersham; sachussets) by aspiration and immediately washed with 15 Immobilon, Millipore), respectively. Membranes were ml of ice-cold 100 mM KCl, 30 mM MOPS, 1 mM EGTA incubated with the appropriate antibodies: a rabbit polyand 10 mM histidine, pH 6.85. The radioactivity trapped clonal antibody specific for SERCA2a, generously proon the filter was counted in a liquid scintillation counter vided by Dr F. Wuytack [32] , or a mouse monoclonal (Beckman Instruments, Fullerton, California). The amount specific antibody for PLB (Euromedex, France). The of the calcium trapped in the SR was determined from the membranes were then incubated with horseradish peraverages of quadruplicate measurements and expressed as 21 oxidase-conjugated secondary antibodies (a goat anti-rabbit pmoles of Ca per mg of total protein per minute. All data or anti-mouse antibody). The proteins were visualized are expressed as a percentage of the maximum values. using the enhanced chemiluminescence system (SuperSignal, Pierce, Rockford, USA). Quantification of 2.7. Statistical analysis SERCA2a and PLB protein levels were performed using an Enzyme Linked ImmunoSorbent Assay (ELISA) deValues are expressed as mean6SEM. Statistical assessveloped in the laboratory. Briefly, twelve serial dilutions of ment of mean value comparisons for developmental stages total cardiac protein (starting with 20 mg) from the crude were performed by a Student's t-test. When conditions of homogenates were adsorbed on microtiter plates (Imparametrical t-tests were not satisfied, an ANOVA folmulon, Dynatech) using an adsorption solution (Na CO lowed by nonparametrical analyses (Kruskal-Wallis or 2 3 100 mM pH 9.6) overnight at 48C. The microtiter plates Mann-Whitney tests) were used to examine the effects of were washed four times, for 30 s each with PBS-0.1% development on changes in transcription, mRNA abunTween 20, and incubated for 90 min at 378C in the dance, protein levels and protein activity. P values of presence of the rabbit polyclonal primary antibody specific ,0.05 were considered significant. for SERCA2a (1 / 10 000 dilution) or for 2 h with the monoclonal antibody for PLB (1 / 10 000 dilution) in a 200 ml final volume. Four washes were performed, and the 3. Results secondary antibodies -an alkaline phosphatase-conjugated goat anti-rabbit or anti-mouse antibody, were added 3.1. Gene transcription during cardiac development in to each well at a 1 / 10 000 dilution in a 150-ml final the rat volume. Microtiter plates were incubated for 1 h at 378C. 32 After four washes, alkaline phosphatase activity was Total (a P) UTP incorporation in cardiac nuclei was measured by incubating the microtiter plates -1 h for rapid and plateaued 20 min after initiation of the reaction SERCA2a and 2 h for PLB at 378C -with the revelation (Fig. 1) This incorporation was about three-fold greater that that quantity (mg) were determined using the BCA reagent seen in adult nuclei (0.24 cpm per nucleus, greater than assay (Pierce, Rockford, USA) with BSA as a standard. three months). Radioactively labeled endogenous nuclear Total protein content is expressed as a ratio between the RNAs were isolated from the run-on reactions and hybrid- ized to membranes containing probes specific for several cardiac mRNAs ( Fig. 2A) . Alpha and beta MHC were both transcriptionally regulated during the perinatal period ( SERCA2 mRNA sequences, positive signals were only seen when hybridized with antisense probes, excluding the possibility of nonspecific signals (data not shown). No SERCA2 transcripts significantly increased at five neonatal significant difference could be demonstrated between any days and showed maximal amounts at 20 days after birth of the time points examined, indicating that SERCA2 (Fig. 3B ). At two months of age, the SERCA2 transcripts transcription is in a relatively steady-state situation throughout the perinatal period (P.0.05 compared to all (Fig. 3A) .
Data are presented in parts per million (pm).
increased by 5-fold as a function of 18S ribosomal RNA, but if looked at on a per mg basis as in van den Hoff et al., [21] the increase was only two-to three-fold (Table 2 ).
Quantification of the SERCA2a protein levels by ELISA
The anti-SERCA2a antibody was tested on total protein extracts by Western Blotting to ensure specificity. One clear single band of the expected molecular mass (110 kDa) was seen (Fig. 4A) . This antibody was used in an 21 ELISA assay for quantification of the SR Ca -ATPase 2a isoform. Results are shown in Fig. 5 . In late fetal rat hearts, SERCA2a protein levels were significantly lower compared to those measured in 15-and 20-day-old rats (0.8260.08 and 1.1360.13 vs. 3.0860.58 and 2.9860.17, P,0.05). It was significantly increased in neonates (P, 0.05 vs. 17 / 18 ED), remained constant in 5-and 10-dayold rats, and increased to the highest value at 15 and 20 neonatal days. At two months of age, SERCA2a protein levels were significantly decreased compared to 20 ND. The amount of SERCA2a protein and total wet weight cardiac mass both increased by nearly three-to four-fold (Table 2 ). This resulted in a net 11-fold increase of SERCA2a protein during the perinatal period when analysed as by van den Hoff et al. [21] 3.4. Rate of calcium uptake during cardiac development in the rat 21 The rate of Ca -uptake in fetal stages (0.5560.28 21 21 pmoles Ca per mg / min and 0.9360.49 pmoles Ca per mg / min in 17 / 18 and 19 / 20 ED, respectively) was only about 10-15% of that seen in 5-20 neonatal day animals ( Fig. 6 and Table 2 ). It was significantly increased by four to six-fold in one day old neonates and, from 5 to 20
image was generated from a phosphoimager, whereas the 18S image was neonatal days, the rate of calcium uptake plateaued. The prepared by autoradiography. Analyses were performed using both yield of total cardiac protein ( 17 / 18 ED). The increase in uptake was earlier and greater than the increase in protein yield, indicating a maturation 21 were significantly more abundant (P,0.05) than that seen of the sarcoplasmic reticulum and enhanced SR Cain late fetal and newborn rat hearts. Alpha MHC transcripts ATPase function. increased significantly and beta MHC transcripts decreased significantly during the perinatal period (P,0.05) (data not 3.5. Potential mechanisms shown).
During the time period examined, total RNA yields 3.5.1. SERCA2 splicing variants isolated from each of the age groups did not differ
The relative abundance of two cardiac splicing variant markedly as a function of age (Table 2) . From 17 ED to 1 of SERCA2 mRNA was determined by Northern blotting. ND, the amounts of total RNA isolated averaged 2.5
The difference between the two variants consisted of a 128 mg / mg wet weight. Post-natally, total RNA per mg tissue nucleotide sequence that was either present (isoform A) or wet weight decreased by |30% to an average of 1.7 absent (isoform B) in the 39 untranslated region of mature mg / mg. During this same period, SERCA2 mRNA content SERCA2a transcripts. Both isoforms of SERCA2 mRNA Total RNA and total protein per wet weight data (concentrations) are taken from our study. SERCA2 mRNA levels and SERCA2a protein levels were determined respectively by Dot-blot and ELISA analysis as described in the Methods section. The 'corrected' values, which show specific SERCA2 gene product per wet weight were obtained by multiplying the data obtained from the Dot-blot or from the ELISA (specific mRNA or protein per total RNA or total protein) by total RNA or protein per wet weight. b * denotes P,0.05 vs. 17 / 18 ED. Corrections were performed as previously described [21] . c Some data were not recorded during preparation of this sample and SEM could not be calculated from n51.
showed an increase in abundance throughout perinatal be demonstrated from 20 ED to adult; however, in the 18 development. As a ratio of Form B to Form A (signal ED rats, isoform B was 60% more abundant. Ratiometric isoform B / signal isoform A), no change in the relative signal data of isoform B to isoform A are as follows: abundance of the splicing variant to total SERCA2 could Adult, 0. 
PLB protein determination
Depending upon the method of preparation, Western blot analysis indicated the presence of either one or multiple phosphorylated forms of PLB (Fig. 4B) . All ELISA assays were however performed using the same antibody and the results are shown in Fig. 7 . In late fetal rat hearts (17 / 18 Fig. 4 . Western blot analysis of SERCA2a and PLB. (A) SERCA2a: 2.5, 5 and 10 micrograms of total protein homogenates were separated on 7.5% SDS-PAGE gels. Nitrocellulose membranes were probed with the SERCA2a specific polyclonal antibody as described in methods. A single band of 110 kda was observed. (B) PLB: 25 mg of total protein from crude homogenates (1) and from SDS extracted proteins (2) were separated on 15% SDS-PAGE gels. After transfer, PVDF membranes Fig. 5 . Quantification of SERCA2a protein abundance during cardiac were probed with a PLB specific monoclonal antibody (Euromedex) as development. The amount of SERCA2a protein was determined by described in Methods. Results from these Westerns showed a single band ELISA technique in crude homogenates using the antibodies described in in SDS-protein extracts (without phosphatase inhibitors), and at least two (U-test). Values are expressed6SEM. P,0.05 was considered significant. and 19 / 20 ED), PLB protein levels were significantly lower when compared to 20 neonatal-day-old rats (0.16460.014 and 0.33860.022 vs. 0.57860.075, P, 0.05). PLB quantities were significantly elevated in all post-natal samples relative to 17 / 18 ED fetal rat hearts (P,0.05).
Discussion
The nuclear run-on assay employs nuclei which retain endogenous RNA polymerase activity, without measureable RNase or DNase activities and which has the capacity to transcribe in vitro in a tissue-specific and DNA strandspecific manner [22] . The nuclear run-on assay thus 21 represents a system that is as close to the intact cell as The major finding in this study is that quantifiable SERCA2 gene transcription remains relatively constant from 17 / 18 embryonic days to 20 days after birth. This gene product is transcribed in a DNA strand-specific manner (M13 control experiments, data not shown) and its hybridization to pSERCA6 is template specific. SERCA2 21 mRNA transcripts and SR Ca -ATPase protein abundance and function increased significantly after birth. These data argue strongly for post-transcriptional and significant post-translational regulation of SERCA2 gene products during the perinatal period.
The mechanism through which SERCA2 transcript abundance increases during the perinatal period is unclear. SERCA2 transcripts are present in rat at 9 ED and the signal intensity for this mRNA increases with fetal development [15] . These results suggest that the SERCA2 gene transcription is activated very early in cardiac development. We cannot exclude the possibility that SERCA2 gene transcription is reactivated before our first measured time-point at 17 EDs. If reactivation of transcription were to occur before 17 ED, then one would need to postulate a post-transcriptional mechanism responsible for degrading SERCA2 transcripts in late fetal myocardium phosphorylation state of PLB suggesting that the ratio of 21 Recently we described a 39 splicing variant of SERCA2a SR Ca -ATPase to PLB and not the phosphorylation state 21 transcripts in heart (isoform B) which had been described of PLB was an important determinant of Ca -ATPase in other tissues [24] . We speculated that alternative splicing activity throughout fetal and neonatal development. In of the 39 region of SERCA2 transcripts might play a role mouse heart, this ratio has already been shown to affect SR in its stability. The abundance of this splicing variant function [35] [36] [37] and is consistent with the results prerelative to total SERCA2 mRNA abundance did not sented here. change between 20 ED and 20 ND or 2-month-old adults.
Other levels of regulation should be considered. In Importantly, this variant was much more abundant in 18 severe experimental cardiac hypertrophy, SERCA2 tran-ED rat hearts. In fact, its presence appears to be almost scription decreases [38] concomitant with a decrease in the three-fold greater at 16 ED than at 18 ED (n52, unconcentration of the mRNA and protein. This implies that published data MB). These data suggest that this 128-in some instances the regulation of SERCA2 transcription nucleotide splice variant of mature SERCA2 transcripts is can be the major regulatory point. In transgenic mice with regulated developmentally, and when abundantly present, multiple copies of the rat SERCA2 cDNA and high might play a role in destabilizing SERCA2 mRNA. From SERCA2 mRNA expression (160% increased) however, computer analyses, we have been unable to identify any the transgene protein expression increased by only 20%. It part of this 128-nucleotide sequence that has a known was suggested that differences between the increased function in mRNA stability (e.g. AUUUA) [34] . Further SERCA2a mRNA and relative protein synthesis rate might studies will therefore be necessary to address this possihave resulted, in part, from the efficiency of translation of bility, particularly since these analyses were performed on the SERCA2 transgene derived mRNA [39] . The exact a separate group of rats than that used in the run-on assays.
mechanisms responsible for this discordance between RNA Total RNA and protein concentration and content are and protein are unclear, but there is ample evidence in known to show developmental changes that closely match other systems supportive of both transcriptional and postgrowth phases of the developing heart [21] . When we transcriptional regulatory mechanisms for individual gene report the data as a function of cardiac mass, an increase in products [40, 41] .
21
SERCA2 mRNA is measurable and significant, albeit to a In conclusion, SR Ca -ATPase mRNA and protein lesser extent (Table 2) than that seen normalized to total abundance increase in the absence of transcriptional activa-RNA (18S RNA). Total SERCA2 protein content also tion during the perinatal period, potentially through stabili- 21 increases, but in terms of concentration, the increase is zation of mRNA transcripts. SR Ca -ATPase protein proportional to the increase in cardiac mass. The functional follows changes in its mRNA abundance, but higher levels 21 gains in Ca -ATPase activity were also clearly greater compared to its mRNA content (three -to four-fold higher) than the increase in protein. It is unclear whether total suggest that the SERCA2 gene products are also regulated content or concentration of mRNA or protein is more to a significant extent at a translational and / or postappropriate, as an index of expression, particularly when translational level. Clearly, multiple factors are important. considered in light of the dramatic functional changes seen
The implication of these data are not of immediate throughout the perinatal period. What is remarkable howconsequence in the clinic, but are highly supportive of our ever, is that in the absence of measurable transcriptional earlier conclusions [42] that in both normal and disease activation, SERCA2 mRNA and protein content increase states, measurements of SERCA2 mRNA in heart should 21 dramatically. The increase in terms of concentration is less not be used as an indicator of SR Ca -ATPase protein but still strongly supportive of the argument for postexpression or function. Identification and precise charactranscriptional regulation of SERCA2 gene product abunterization of the factors (proteins) responsible for these dance. phenomena, will be essential for a clear understanding of 21 The enhanced Ca uptake in the homogenates shows how the transcriptional and post-transcriptional mechathat post-translational mechanisms are predominant feanisms regulating SERCA2 gene expression affect normal tures of the functional gain seen during the perinatal and abnormal cardiac growth. 21 period. As SR Ca -ATPase activity is regulated by PLB, 21 its expression was examined. SR Ca -ATPase and PLB protein levels were found to increase in parallel, both Acknowledgements showing maximal abundance at 15 or 20 postnatal days, and suggesting that PLB mediated inhibition of the SR This work was supported by the British Heart Founda- 
